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Summary

The method of solute permeability coefficient anolute fluxes appointment for the
membrane, based on monitoring of changes of comtyodf electrolyte solutions was presented. It
was stated that during mechanical stirring of soh# the coefficient of NaCl permeability for
microbial cellulose membran®i¢fill) did not depend on configuration of the membraystesn and
concentrations of solutions. Time characteristiclaCl flux through the membrariofill oriented
in horizontal plane were measured and modeled.

The changes of NaCl fluxes through the membiBioéll caused by concentration boundary
layers build up on both sides of the membrane digeton NaCl concentrations and configuration of
the membrane system. The differences between fluxeifferent configurations of the membrane
system were observed after time depended on imitiatentrations in chambers. After that time, for
configuration with solution with higher density avilae membrane (configuration B) the NaCl flux
through the membrane was greater than for confiiguravith solution with lower density over the
membrane (configuration A).

Besides it was stated that the coefficient of catregion polarization for configuration B was
higher than for configuration A for all studied Nag@ncentrations. Increase of mean concentration in
the membrane at the initial moment caused incréfaseconfiguration B) and lack of changes (for

configuration A) of concentration polarization cibgént in the steady state of the membrane system.



The interpretation of experimental results was ma¢he basis of Kedem-Katchalsky equations for

the membrane system.
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Czasowa ewolucja strumienia NaCl przez membracelulozy

bakteryjnej z polaryzagjsizeniowg
Streszczenie

Przedstawiono met@dwyznaczania wspotczynnika przepuszczabnd strumienia
substancji rozpuszczonej membrany, aparta monitorowaniu zmian przewodnictwa
roztworow elektrolitu. Ustalono,ze podczas mechanicznego mieszania roztworow,
wspotczynnik przepuszczalém NaCl dla membrany z celulozy bakteryjndgidfill) nie
zalezy od konfiguracji uktadu membranowego ez roztworéw. Zmierzono i obliczono
czasowe charakterystyki strumienia NaCl przez mambrBiofill zorientowan w
ptaszczynie horyzontalnej.

Zmiany strumieni NaCl przez membrgBiofill, byty spowodowane przezegeniowe
warstwy graniczne utworzone po obydwu stronach mmamh zaleéne od stzenia NaCl i
konfiguracji uktadu membranowego. Rice medzy strumieniami w rinych konfiguracjach
uktadu membranowego, zaobserwowano po czasiezmgate od stzenia pocatkowego
roztworu. Po tym czasie, dla konfiguracji z roztesor o wekszej gstasci nad membran
(konfiguracja B) strumi@ NaCl przez membranjest wikszy, ni dla konfiguracji z
roztworem o mniejszejegtasci nad membran(konfiguracja A).

Ponadto wykazano,ze wartgci wspoétczynnika polaryzacji @teniowej dla
konfiguracji B & wigksze ni dla konfiguracji A. Zwgkszenie sredniego sgzenia w
membranie w chwili poctkowej, spowodowato zwkszenie (dla konfiguracji B) i brak
zmian (dla konfiguracji A) wspotczynnika polaryziesfezeniowej, w stanie ustalonym uktadu
membranowego. Interpretaciynikdw bada doswiadczalnych przeprowadzono w oparciu 0
rébwnania Kedem-Katchalsky’ego.



Stowa kluczowe membrana z celulozy bakteryjnej, réwnania KedeatcKalsky'ego,
wspotczynnik polaryzacii gteniowe;

INTRODUCTION

One of the interesting membrane materials is treahial cellulose membrane, which
structure is composed of cellulose fibers obtaithading biosynthesis bfcetobacter bacteria
[1]. This membrane is used in form of thin shestsaanembrane dressing to heal burns [2],
venous tibia ulceration [3, 4] and in productionpodsthesis of blood vessels [5]. As opposed
to plant cellulose, microbial cellulose has stroeteomposed of thin microfibers and is
hypoallergenic, nontoxic, nonpirogenic, biodegrdeabighly hydrophilic and biocompatible
[6]. The studies carried over by means of Mach-dehnninterferometer show [7], that
microbial cellulose membrane undergo phenomenatroing concentration polarization,
caused by concentration boundary layers (CBLsateteon both sides of this membrane. The
interferograms characterize this phenomena by gtcanving of interferometric fringes at the
membrane surfaces in the conditions of hydrodynastadility of CBLs [7,8], while in
conditions of hydrodynamic instability these cuxryiof fringes undergo a spatial-temporal
destruction. On the basis of interferograms thektieésses of created CBLs and the moment
of transition from non-convective to convectivetsteould be determined [9]. Besides, CBLs
created at the surfaces of the membrane are tise cdueduction of volume and solute flows,
electric potentials and currents on the membra@g e reduction of these fluxes as a result
of concentration polarization of the membrane i ¢huse of substantial decreasing of the
membrane transport parameters.

In laboratory conditions, CBLs can be almost ehfireliminated by intensive
mechanical stirring of solutions. Turning off menlwal stirring causes that at membrane
surfaces CBLs are created. CBLs act as pseudomeethinnected in series with a real
membrane [11, 12] and cause increase of hydranticsalute transport resistance. CBLs near
membrane should be taken into consideration inrdadproperly describe non-homogeneous
solution transport through the membrane by modikedlem-Katchalsky equations. One of
the modification [13], rely on introduction intoadsic Kedem-Katchalsky equations the
coefficient of solute permeability of the CBL/merabe/CBL (CBL/M/CBL) complex ).



This coefficient depends on solute con@iains and configuration of the membrane
system [13, 14]. The experimental results show [t values of coefficientw, are
depended on gravitational stability of density geatk, arisen near membrane surfaces during
solute and volume flows through the membrane. Geyaiugh density gradients near
membrane surfaces could be the cause of RayleighsBenstability [9, 15].

In this article, the results of experimental stsdof time changes of mean NaCl fluxes
after turning off mechanical stirring of solutiowere presented. NaCl solutions were divided
by flat and symmetrical microbial cellulose meml@anoriented in horizontal plane. The
changes of solution concentrations in the membsystéem, needed for counting of mean
NacCl flux through the membrane were determinedhenliasis of conductivity changes of
that solutions, for different initial quotients obncentrations on the membrane. On the basis
of these measurements the concentration charditen$ coefficient of concentration
polarization (relative coefficient of permeability CBL/M/CBL complex) was elaborated for
steady states. Two configurations of the membraiséesr were taken into consideration:
configuration with higher density solution undee tnembrane (A) and over the membrane
(B). Interpretation of experimental results wasf@ened using spatial-temporal model of
evolution of CBLs, based on the Kedem-Katchalskyagigns for membrane.

THEORY

Most studies of electrolyte transport through bgpdal and artificial membranes are
interpreted in terms of the Kedem-Katchalsky moegliations (KK-model) derived from
irreversible thermodynamics [11]. For homogeneaod dilute binary electrolyte solutions
(for example single-salt system), these Equatioas a

J, =L, (AP -0 Am) + 3 (1)

zF
where J, and J, are the volume and solute fluxes, is the electrical current density,
AP =P, -B is the hydrostatic pressure differenadr, = RT(C, —-C, is)the osmotic
pressure differenceC, = (C, —Cl)[ln(ChC,_l)]‘l iS an average solute concentrati@), and

C, (C,>C,) are the solution concentrations, is the hydraulic permeability coefficient of

the membraneg, is the solute reflection coefficienf3 is the electroosmotic permeability



coefficient, w, is the solute permeability coefficient and is the transport number. The

definition of transport coefficienty , o,, 8, w, and r, are presented in ref. [11]. These

P
coefficients are each commonly measured in a sepagaperiment in conditions of
homogeneity of solutions separated by membrane.

Whenl1=0, the Eqgs. (1) and (2) looks like for non-elelstt® solutions [11], so in order
to characterize transport properties of the mensrars sufficient to determine parameters
L,, o, and w, for homogeneous solutions. For non-homogeneoustiset (without

mechanical stirring), when the CBLs build up neaenmbrane, the decrease of osmotic
pressure on the membrane to vala, = RT(C, —C, is pbserved. This means that solute
concentration on the borders membrane/solutionthenchamber with higher concentration
(Ch) decreases t€i, while in the chamber with lower concentratiad)(increases taC..
Mechanical stirring of solutions causes diminishiofy CBLs thicknesses, depended on
intensity of mechanical stirring of solutions [113l, 16]. Turning off mechanical stirring lead
to increase of CBLs thicknesses in time as a resullliffusion [14, 17]. Taking it into
consideration, it can be assumed that in the catb®wt mechanical stirring solutions with
concentration€y, andC, are divided by complex CBL/M/CBL, which transpproperties are

determined by coefficients: ., o, and w, . In the previous papers [13, 14] it was shown

pc
that for osmotic membranes, =L .. Next, parametergr;, and w, can be transformed to
parameter = {0, and w, = {Hw, by coefficients of concentration polarizatigy, and
{ & » Which fulfill conditions G< {, <1 and & { <1 (for osmotic membrane§,={ ).

In order to determine the coefficiegt, the following considerations will be carried

out. In the case of membrane system with mechasttaing of solutions the coefficient of

solute permeability is determined by expression

—_ JS
“s { RT(C, - Cl)jjv:m =0 ©

where J., J, and | are suitably solute, volume fluxes and density leicteical current

through the membrane during mechanical stirringsalutions, RT is the product of gas
constant and thermodynamic temperature. Turningneithanical stirring causes decrease of

solute flux toJ_ , dependent on configuration of the membrane sysbernonnection with

this coefficient of solute permeability for compl€BL/M/CBL is determined by Equation



—_ JS:
“= { RT(C, - Cl)jjvc:o,lc:o “

where J_, J,. and | are suitably solute, volume fluxes and densityelefictrical current

through complex CBL/M/CBL.

Dividing sides of Equations (4) and (3) we get

W, (‘Jsc)JVC:O,IC:O

ZS === (5)
D w, (‘JS)J\FO":O
where
1dn
Jo)s=0020 = | o 6
(Js)3,01-0 (S dt jav:o,l=0 ?
1dn
Jesezoi0 = | S 7
( g;)JVC—Orlc_O (S dt jJVCZOvlC:O ( )

and S is the membrane surfaceln, and dn, are quantity of moles of solute permeating
suitably through the membrane during mechanicatirggi of solutions (in conditions of
homogeneity of solutions) and through complex CBIZBL (in conditions of non-
homogeneity of solutions) during tinat. One should be to state that Equations (1) and (2)
likewise Egs. (6) and (7) represent temporary fluttesugh the membrane. It means that
change of conditions on the membrane influencevilees of these fluxes. Regarding this,
measurement of solute fluxes through the membranagltimeAt , is the measurement of
the mean values of fluxes in that time, especiallyhe case of non-homogeneity conditions.
Using Equation (1) with assumptidg=0 andI=0, the mean solute flux through the
complex CBL/M/CBL (J_) and through the membrand () during timeAt=t; can be

written in the form

_ W RT

Jo==2=[(C,~C)dt=,RT(C,-C) (®)
= _@RT}
T =1 j (C —Co)dt 9)

As results from Equation (9) in order to count cremn time of NaCl flux through the
membrane after turning off mechanical stirring ofutions, the changes in time of solute

concentrations at membrane surfaces are needdte lnase of zero value of volume flux



through the membranel,(= 0) in the steady state with assumption of tlame fluxes
Jg, = J, =g =g, in CBL/M/CBL complex the Equation [11]

1 _ 1, Ri(d+4)

W, D,

C

(10)

Ce _CI

and Jg, D—Dsﬁ are fluxes through CBL suitably in the
| h

is fulfilled. J, O-D,

chamber with lower and greater NaCl concentratiGrds the mean diffusion coefficient of
solute andd and &, are thicknesses of CBLs in the membrane systermei suitably in
chambers with lower@, ) and higher C, ) concentrations. Using assumptions for stead stat
J,,=J. =3y =Jg and Equations (1), (2) and (10), with assumptidn® and J,=0,
established during measurements, we get equatiderndaing difference of NaCl
concentrations at membrane surfaces in the forh [18

RTw(9 +9,)
D, +RTa,(g +9,)

C-C.=|1- }(ch—m (11)

Using Equation (5) with assumption for steady stdig=Js: what means that

W RT(C -C,)=w,RT(C,-C)), the coefficient of concentration polarization dfie

membrane can be written as

C -C
ZsD = e (12)
C. -G
Taking into consideration Equation (11) in Equatih8) we get
D
= : 13
‘"0 rRT @ +3) -

In Equation (11) the difference of concentratiohsn@mbrane surfaces is the function
of CBLs thicknesses. Whek = O the difference between CBLs thicknesses iimdtsas is
small, so in order to simplify the model of concatibns changes, CBLs thicknesses were
assumed to be equal. Time evolution of CBLs thiskes depends on configuration of the
membrane system. As results from [7, 19] thickn&#s€BL for stable configuration (with

lower density solution over the membrane) as atfonof time can be presented in the form

3, (t) =a/mD t (14)
where:a is the fitting coefficient of model data to expeantal results anDs is the diffusion

coefficient of NaCl in solution. From Equation (li#Jesults that CBL thicknes8, grows in

time dependently on solute diffusion coefficientr Einstable configuration (with solution of



higher density over the membrane), after growin@€BL thickness in timé, like for stable

configuration (as a result of solute diffusion) thydrodynamic instabilities appear and cause
that CBLs thicknesses oscillate (fluctuate) aroumeln valuea,/77Dt, . In this case the

changes of thicknesses of CBLs in time after tugroff mechanical stirring for unstable (B)

configuration will be accepted in the simpler form

amDt for t<t,

O (t) = (15)
amDt, for t>t,

wheret, is time after which hydrodynamic instabilities appeAs an initial condition the
homogeneous solutions in chambers was assumedaiithef numerical calculations on the
basis of equations, resulted from KK model for meanke and CBLs adjacent to the
membrane, is determination of changes in time o€IN#ux through the membrane in

conditions of non-homogeneity of solutions andiiténg to experimental data.

EXPERIMENTS
Measuring set

The measurements were carried out by means ofalypmembrane system [20],
consisted of two chambers with volunve250 cni each, divided by microbial cellulose
membrane Biofill, Fibrocel Productos Biotechnologicos Ltd., CuatitBrazil) with surface
areaS=6.1 cnf, oriented in horizontal plane. The membrane setained system of magnetic
stirrers. The calibrated pipette was joined todh@mber with solution of lower concentration,
while reservoir of solution was joined to the chamiwith solution of higher concentration.
The aqueous NaCl solutions were used. Lower coraté at the initial moment amounted
to C; = 0.01 mol ri?, while higher concentratiorC{) in the second chamber has been changed
in the range from 5 to 100 mol"nThe membrane system was thermostated and temperat
of solutions amounts td = 2950.5 K. The measurements were carried out for both
configurations of the membrane system. In configoma A solution with lower NaCl
concentration (lower density) was over the mempramée in configuration B solution with
lower NaCl concentration was under the membranethAtinitial moment the solutions in

chambers were homogeneous, it was assured by meahstirring of solutions.



The procedure of determination of fluxes J_ , J_ and coefficients

W, Wy

Using Equations (6) and (7) the mean solute fludgsand J_in time At can be

written as
S At
3 =1V(G.-C) (17)
S At

where:V is the volume of chambeg, is the lower NaCl concentration at the initial merh

C, andC,, are NaCl concentrations in chamber with lower Ne@icentration after timt,
suitably in conditions of homogeneous and non-hanegus of solutions. The relative
changes of solute concentrations caused by itsgmabthrough the membrane are greater in
the chamber with lower concentration, so the esfaneasurements of concentration changes
in chamber with lower concentration is lower tharchamber with higher concentration.
Taking into consideration Equations (17), (2) ammitting small components with

current density and volume flux in Equation (2)lf{fied for AP=0, so the mean solute flux

without mechanical stirring of solutions can be ttenn as J_ =« RT(C,_-C.)), the

coefficient w,, can by written in the form

=V (G-G) (18)
* " 'RT(C,-C, )it

where C,. =1(C,.+C,) and C,, =1(C, +C,) are mean concentrations in chambers with
solutions suitably with higher and lower concemtratin conditions without mechanical
stirring of solutions in timét.

Determination of permeability coefficient for merabe (w,) requires to exclude CBLs
during measurement, using intensive mechanicatirgirof solutions. In this case the
homogeneity of solutions can be assumed, what mian€; =C;, andC, =C,. Taking into
consideration mean solute flux through the membnarke form (16) and Equation (2) with
assumptions of omitting of small components withrent density and volume flux (fulfilled

for A4P=0, so the mean solute flux during mechanicalisgirof solutions can be written as

J.=wRT(C,-C)), the coefficienty can by written in the form



w=—YG-C) (19)
SRT(C,-C )t

where C, =1(C, +C,) and C, =1(C, +C,) are the mean concentrations in chambers with
solutions suitably with higher and lower concentraé during mechanical stirring of
solutions in timeAt. Acceptance of mean concentrations during sohatesport through the
membrane in Equations (18) and (19), allow to tak® consideration changes of

concentrations in chambers during measurementsdibiyvsides of Egsuations (18) and (19)

we get

_ (G -C) +(G, -GG -C) (20)
[(Ce =C) +(C, =C)I(G =C)

In order to determine the NaCl permeability coeééint for membrane ), the

Js

chambers of the membrane system were filled in wdhlutions, one of them with higher
concentrationCp, =10 mol m®, and the second with lower concentrati®n= 0.01 mol n.
Next, the solutions were stirred during 30 minuiéth rate 500 rpm, in condition%=0 and
I=0. The conductivity of solutions before filling Bnd after 30 minutes of solute transport
through the membrane during mechanical stirringsafitions were measured. After that,
using the experimentally determined dependenceootluctivity of NaCl solutions as a
function of concentration, the concentrations ofusons were determined. Next, the
coefficient of NaCl permeabilitycg) for membraneBiofill was determined on the basis of
Equation (19). This procedure was repeated fordaime lower concentratiof;(= 0.01 mol
m?3) and for higher concentration8, =50 or 100 mol i, six time for eachCp. The
experimentally determined dependence of NaCl camndtycas a function of concentration is

shown in Figure 1 (in logarithmic scales). This elegence can also be presented in the form
0K 0K _ 1 _ 1
—EXC +K, whereE =1.22 x10 uS nfmol™* and x,=1.5x1G pS ni'.

In the case of measurement of mean NacCl fluxesutir the membrane in A or B
configuration in timeAt = t;, after filling in of chambers with solutions suotg with C,, and
C, concentrations, the solutions were not mechawyicditred. Next, after timét = t;, the
solutions were poured out, conductivity of solufamere measured and using the dependence
of NaCl solution conductivity on NaCl concentrati@ig. 1), the concentrations of solutions
were determined. After that, using Equation (18 thean fluxJy through the complex

CBL/M/CBL in time At = t; was counted. These procedure of mean Jigxneasurements for

10



timet; equal to 5, 10, 30, 60 and 120 minutes were rededihe maximal error of mean flux

Js: measurement was lower than 8%.
RESULTS AND DISCUSSION

The coefficient of NaCl permeability for the memheaBiofill, determined
accordingly to the method described in experimemgait of this article, amounts to
wg = (17.20.6)x10° mol N* s* and is higher than coefficient of NaCl permeaypifior
acetate cellulose membrane, which amountsyto= 14.310%° mol N* s* [21]. This means
that small ions better permeate through the miatobellulose membrane than through
acetate cellulose membrane, and taking into coratide great hydraulic permeability
coefficient of microbial cellulose membrahg = 6.6<10"" m°N™'s™ and its small reflection
coefficiento= 0.0036 [18] we can also state that selectivitynecrobial cellulose membrane
is very small.

In order to determine influence of CBLs build up dlaCl transport through the
membraneBiofill in horizontal plane and for configuration A andtBe mean NaCl fluxes
through this membrane were measured in conditiatit®wut mechanical stirring of solutions.
The dependencies of time characteristics of meddl Haxes through the membrareofil|
for configuration A (graph A) and for configuratidh (graph B) are presented in Figure 2.
The concentrations in chambers at the initial mamere:C, = 0.01 mol T while C, equals
to 5, 10, 50 or 100 mol th The mean fluxeds. were experimentally determined on the basis
of Equation (17) (points in Figure 2) and countemhf Equation (9) (solid lines in Figure 2).
The calculations were performed by means of computegram MathCad2000. Fitting of
data from the model to experimental results reguagsumption of coefficients of the model
in Equations (14) and (15) a®<~1.47%10°m? s*, a=0.67 and times after which the
hydrodynamic instability in the membrane systemdonfiguration B appeared;=4.5 min
for Ch=5 mol m®; t,=3.0 min forC=10 mol m®; t,=1.0 min forC,=50 mol m?, t,=0.8 min for
Cx=100 mol .

The way of changes in time of NaCl fluxes, showirigure 2 are similar for different
initial C;, concentrations. The main differences between flugsslts from different values of
concentration gradients on the membrane at thlintoment. The greatest flux changes are
observed at the first few minutes after fillingtlre chambers by solutions and is connected

with CBLs build up at the membrane surfaces. Fraogure 2 it results that changes of mean
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NacCl fluxes in time are smaller and smaller, beeahe CBLs build up in time is slower and
gradients of concentrations on the membrane asere$t can be assumed, that after 60
minutes the stable states for membrane systemestablished. Besides, for studied range of
concentrations time characteristics of mean Na@ef$ through the membrane depends on
configuration of the membrane system. For the Na@kentrations lower than 10 mol’rat
first ten minutes after filling in of chambers witplutions the NaCl fluxes for both
configurations do not differ from each other. Tlkagon of that is the CBLs build up only by
diffusion. After that time the NaCl fluxes for caogdiration A are lower than for configuration
B. In configuration A, gradients of solute concatitn (solution density) are directed as the
gravitational vector, so it causes that only thi#udion is the reason of CBLs thicknesses
increase. In configuration B, as a result of soldifeusion in CBLs the layers with higher
density arise over the layers with lower density.that case, suitably high gradient of
concentration (density) in CBLs, directed in opp®siirection to gravitational vector, can be
the cause of hydrodynamic instabilities in near rneme areas.

Hydrodynamic instabilities relay on relocating afuid fragments, causing in effect
equalization of concentrations in CBLs in each dfarobers and decrease of CBLs
thicknesses. These perturbations cause also coatientchanges at membrane surfaces and
as a reason of that NaCl flux in configuration Alager than in B. Besides, as results from
Figure 2 it can be stated that mean NaCl fluxesomfiguration B earlier attain stable states
than in configuration A. For concentrations greatem 10 mol i the difference between
configurations A and B appears in time lower thamidutes. At the initial moment, the
greater NaCl fluxes are observed for greater canaton differences between chambers and
this is the reason that after shorter time thanldwer solute concentrations, sufficient
gradient of solute concentration (solution densdgpears near membrane in B configuration
and causes hydrodynamic instabilities.

Analyzing changes of mean NaCl fluxes throughrttfenbrane it can be stated that in
the membrane system the complex CBL/M/CBL ariseb @dgpends on configuration of the
membrane system. The permeability of that comphesteady states can be determined by

coefficients w. or {p, counted on the basis of Equations (4) or (13) &2@). The

dependencies of coefficielfp in steady states on mean solute concentratidmeimiembrane
at the initial moment @:(Ch—Cl)[In(Cthl)]‘l) for configuration A (graph A) and B

(graph B) are presented in Figure 3. Solid linesewswunted on the basis of Equation (13),

while points from Equation (21).
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From Figure 3 it results that the concentrationapnhtion coefficientdy for
configuration B is more than three times greatantfor configuration A in the whole range
of studied NaCl concentrations. The reason of ihdhat in configuration A, which is the
stable configuration, the CBLs thicknesses aretgré¢han in configuration B. Hydrodynamic
instabilities appearing in configuration B causealen CBLs influence on NaCl membrane
transport by destructing of CBLs. This is the canisgreater NaCl fluxes and coefficierds
and wyp in comparison to fluxes and suitable coefficiemtsconfiguration A. Besides, for
configuration A the coefficierds do not depends on mean NaCl concentration in mamebr

while for configuration Bl increases with increase &,. Greater values ofy for greater

mean NaCl concentrations in membrdaiefill indicate on greater intensity of hydrodynamic
instabilities in near membrane area, and more &@fedestruction of CBL/M/CBL complex.

CONCLUSIONS

1. Using the method of determining of solution concatins in chambers by
measurement of conductivity of that electrolyte usohs, the coefficient of
permeability of microbial cellulose membrartgofill for NaCl solutions was
determined and amounts t@s = (17.1:0.6)x10*° mol N* s,

2. Time changes of mean solute flux through the meneere the reflection of CBLs
changes near membrane surfaces. It was found thatesfluxes through the
membrane oriented in horizontal plane depend orfigimation of the membrane
system. In the case of configuration A, CBLs buiftiproceeds only by diffusion and
the solute fluxes are lower than fluxes observedthase same conditions in
configuration B, for which except diffusion hydrathmic instabilities appear, causing
decrease of CBLs thicknesses. Time after whichdifference between fluxes in
configurations A and B are observed is shortegfeater quotient of concentrations in
chambers at the initial moment.

3. In the case of stable configuration (A) the coeééint of concentration polarization for
the membraneBiofill ({s) does not depend on initial mean concentratiorthm
membrane and is over three times lower tlganfor configuration B. Increase of
mean concentration in the membrane for configunat® causes increase of

concentration polarization coefficient value, calbg more intensive hydrodynamic

13



instabilities in that configuration of the membrarsystem for large enough
concentration (density) gradients in CBLs.

4. The fitting of results from the model to experinardata is better for longer times of
measurement of NaCl fluxes through the membranesitlts from the fact that the

KK model describe steady states of the membrartersys
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Fig. 1. Conductivity ) of NaCl solution as a function of NaCl concentnat(C)

Ryc. 1. Przewodnictwac roztworéw NaCl w funkcji szenia (C)
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Fig. 2. The mean NaCl flux through tHg&ofill membrane as a function of time for

configuration A (graph A) and B (graph B), for centrations:C; = 0.01 mol n¥ and C;

5 mol m3, 10 mol n®, 50 mol n® and 100 mol M

Ryc. 2.Sredni strumié@ NaCl przez membranBiofill w funkcji czasu dla konfiguracji A
(wykres A) i B (wykres B), dla sten C, = 0.01 mol n* and Cy: 5 mol ni®, 10 mol n?’,

50 mol m® and 100 mol i
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Fig. 3. The coefficient of concentration polaripati({pp) in steady states as a function of

mean NaCl concentration in the membrane for condigon A (graph A) and B (graph
B).

Ryc. 3. Wspotczynnik polaryzacjiegieniowej () W stanie ustalonym, w funkcjredniego
stezenia NaCl w membranie dla konfiguracji A (wykresiA (wykres B).
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